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Abstract
The capacity of adsorption of some natural changed or synthesized loam make the object in several 
applications to keep specific pollutants or in other techniques as in the manufacture of  beauty products or 
medical. Tries are performed on water contaminated by known concentration of phenol. To characterize 
samples we undertook the techniques of diffraction in the ray X (DRX) to have information on the interleaf 
areas before and after adsorption and the thermograph (TG) to follow the loss of mass. The sample of 
bentonite pure is then analyzed by the microscopy with electronic scanning MEB-EDX to go taking up the 
specters of the various mineral elements and by the elementary chemical method using the fluorescence of 
X-rays. 
Analyses DRX and TG go up that there is a variation of interleaf distances and losses of masses, what 
confirms the presence of adsorbed phenol. Tries d 'adsorption are accomplished with an initial 
concentration of phenol fixed to 5 mg by varying the mass of bentonite, phenol staying in resolution is 
determined to spectrophotometer UV in 270 nm. Adsorption Isotherms follow well the model of Langmuir 
and show a quantity q max = 75 mg of phenol substances kept by gram of  bentonite. What confirms that 
purification by the adsorption can be accomplished or not according to the initial rate in phenol in water as 
well as an estimate of the mass of adsorbent who can reduce concentration of pollutants of an important 
manner. 
Keywords.  Bentonite, phenol, adsorption isotherms, characterization. 
I. INTRODUCTION 
Waters of surface can introduce an important load of phenols owed to industrial rejections (tannery, 
refineries, pesticides, industry of pasta, paper and wood etc) giving a characteristic taste in treated water. It 
is important to reduce their concentration to avoid the training of organo-halogen in general toxic 
compounds [1-3].The Aromatic composed generally and phenols in particular, are considered as 
carcinogenic micro pollutants and dangerous same in very Low quantity. The chlorophenols and 
pentachlorophenol are especially phenol compounds, degradation products of phenoxyherbicide used as 
insecticides, herbicides and fungicides. Nitro phenols are mainly from the degradation of some 
organophosphorus pesticides 
Techniques based on the adsorption come to supplement the course of study of treatment of common 
waters. The adsorption on porous materials finds its application in several domains, such as extraction, 
purgation and cleanup. Other techniques such as advanced techniques of oxidation (advanced oxidation 
process AOP) are nowadays applied for mineralization in aqueous middle of the toxic organic molecules in 
relation to the man and in environment. They are based on the generation and the use of a very strong 
oxidizer which is the hydroxyl radical. This last can be produced by different techniques: chemical, 
photochemical biological, electrochemical, etc [4-8].  
Organic matters introduce in a water of surfaces are at the origin of numerous problems in the course of 
different stages of treatment of drinking water. They react with chlorine in the course of disinfection to 
form volatile organic compounds (trihalomethan [THM], acid dichloride acetic [DCAA] etc), having 
produced potentially carcinogenic [9-12]. 
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A phenol is considered damaging    pollutants, even in weak concentration owing to potential danger on 
health and environment [13-14].  
To choose a material adsorbent they must take into account the most important parameters among which:  
• The type of porosity,  
• Its specific surface,  
• The nature of the element to be trapped, 
Tries of adsorption of phenols accomplished with a bentonite coming from the deposit of M’Zila 
(Mostaganem, Algeria), rich in montmorillonite (60 %), has of the particular ownership to fix numerous 
substances. It is available and of weak expense of working [15-16]. Some phyllosilicates have the 
ownership of absorber easily of molecules of water or organic in their interleaf space. This ownership 
depends on the load of the leaf, its location and like cations of compensating [17]. 
The used bentonite contains 45 - 60 % of montmorillonite the size of particles of which is less 2 μm 
[18].The leaves of phyllosilicates are constituted by a stacking up of coats octahedral (O) and tetrahedral 
(T). 
Phyllosilicates has the possibility of adsorber molecules of water easily in the interleaf areas. During a 
substitution isomorphique by an element by other one of the degree of lower oxidation, in coat tetrahedral 
or octahedral, interleaf cations said about compensation, exchangeable by mineral or organic cations [17-
21]. Interleaf cations are in general exchangeable by organic and mineral cations being in resolutions put in 
the contact of the phyllosilicate. A phyllosilicate is characterized by its Capacity of Exchange Cationique 
(CEC). In the case of montmorillonites, the stocks of CEC are understood between milliéquivalents 75 and 
160 for 100 grams clay [22]. The physicochemical characteristics of the bentonite of M' Zila are introduced 
in tables 1 and 2 (ENOF on 1997). 
 Table 1.  Physico-chemical characteristics of bentonite 
Specific surface 
(m2/g) 
Specific mass 
g/cm3) 
pH Exchange capacity 
(meq/100g) 
Exchange cations 
(meq/100g) Na/Ca 
Ca2+ Na2+ Mg2+
65,00 2,71 9,00 75,8 43,6 25,2 4,8 0,58 
  Table 2.  Mineralogical characteristics of bentonite 
2. MATERIAL AND METHOD 
2. 1. Procedure 
For the essays we used a mother solution of phenol of initial equal concentration in 100mg / L, prepared 
from the dissolution of the phenol crystallized in the water distilled by pH included between 6 and 6,3. All 
the solutions are prepared by dilution in the distilled water. For the tests of adsorption the concentration of 
the solution is maintained constant ( 5mg / L ) and we make vary the mass of adsorbing it (m = 5, 10, 15, 
20, 30, 40 and 50 mg / L) in bechers of 500mL. After agitation (magnetic agitators) for 5 hours at room 
temperature, the solutions are spin-dried in 2000 tours by minutes during 45 minutes. Phenols are analyzed 
by spectrophotometer UV, wavelength of 270nm by means of a spectrophotometer of the type 
SHIMADZU UV-1605. 
For the kinetics of adsorption one proceeds in the same way,  in beakers of 500mL containing distilled 
water, one adds the optimal bentonite amount (30 mg/L) as a optimal given by the  jar-test.  Sampling 
carried out during time make it possible to follow the evolution of the concentrations of phenol remaining 
in solution. Balance is reached after one duration of 5 hours. For the analysis of the solids after adsorption 
of phenol sampling of bentonite (1 gram) are put in contact with phenol solutions (V=1L, C= 5 and 100 
mg/L). After agitation throughout 6 hour to room temperature, the solids are separated from the liquids by 
filtration. After drying in a drying oven with 80°C the solids are collected for analysis by diffraction of x-
rays, thermogravimetry. 
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2.2. Analysis of the materials.
2.2.1. Diffraction of X-rays (DRX) 
This technique allows among others, to obtain information on the interfoliar distance of the material before 
and after adsorption of the phenol. The device, X' Pert Pro of PANALYTICAL uses an (editing) in 
reflection ș-ș equipped with a tube with anode of copper and with a detector RTMS (Real Time Multiple 
Strip) of type X' celerator. The recording continuously matches 90 minutes Between 3 and 70° in 2 ș with 
the wavelength CuKĮ under a tension of 50 KV and an intensity of 40 mA. 
2.2.2. Thermogravimetric analyses 
 The thermogravimetric analyses (TG) give indications on the variation of mass of a sample  subjected to a 
linear rise in temperature. In this present study, we used an thermo-analyzer TG-DSC Sensys evo of 
SETARAM working between 25 and 750°C, under reconstituted air (mixture O2 /N2) and with a speed of 
rise of 5°C/minute. The analyses related to samples of clays saturated and unsaturated with phenol 
(C=100mg/L and 5mg) and of mass m=40mg. 
These thermogravimetric analyses under oxidizing atmosphere make it possible, indeed, to differentiate the 
organic part of the inorganic part, in particular water. 
2.2.3. Fluorescence X 
The spectrometry of fluorescence is a method of basic analysis using the physical ownership of material to 
determine concentration in pure elements. The spectra of X-rays issued by material are characteristic of the 
composition of the sample. The analysis of the spectrums allows deducting the basic composition of mass 
concentration. The powder to be analysed is put in a cup, then pressed on a pastille of boric acid. The used 
apparatus is a spectrophotometer of fluorescence X MagiX Panalytical. 
2.2.4. Scanning Electron Microscopy
This allows you to directly visualize the morphology (shape, size) of the particles and their surface 
roughness possible. It is scanned line by line, the surface of the particles by an incident beam of high 
energy electrons, which result in the emission of secondary electrons of lowest energy. These are sent to a 
detector which transmits the signal to a screen scanning is synchronized with the scanning of the sample. 
The image contrast reflects the relief of the sample. These secondary electrons thus allow the 
reconstruction of a magnified image of the surface. 
Laboratory pictures of scanning electron microscopy were performed using a Philips XL 30 microscope 
equipped with a field effect gun. The sample is prepared by depositing the powder on the aluminum 
support having thereon a thin layer of graphite whose surface is adhesive. It is then metalized by vacuum, 
sputtering a layer of gold with a thickness between 10 and 20 nm. 
Laboratory pictures of scanning electron microscopy were performed using a Philips XL 30 microscope 
equipped with a field effect gun. The sample is prepared by depositing the powder on the aluminum 
support having thereon a thin layer of graphite whose surface is adhesive. It is then metalized by vacuum, 
sputtering a layer of gold with a thickness between 10 and 20 nanometers. 
3. RESULTATS AND DISCUSSION 
3.1 Analyses of the solids 
 Diffractogram X of bentonite in a rough state (figure 1), indicates a basal distance (d001) from 12, 50 Å. 
Moreover, it highlights the presence of several crystalline phases (quartz, feldspat). After contact with the 
phenol solution, the diffractogram shows that the basal distance increased, because (d001) is of 14,94 Å. 
Since d001 represents the thickness of the layer plus the interfoliar spacing, the spacing of the layers of 
initial bentonite would be equal to: 12,50 Å - 9,60 Å = 2,90 Å 
 The spacing of the layers of bentonite with exchange out of phenol would become equal to: 
14,94 Å - 9,60 Å = 5,34 Å. A difference of 2,44 Angström is thus measured between the spacing of the 
layers of initial bentonite and those of modified bentonite. It is thus possible that phenol molecules can be 
easily absorbed in this interfoliar space.    
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           Figure 1.  X-ray Diffraction of powder bentonite and a bentonite with phenol exchange 
The results obtained by thermal analysis are illustrated on figure 2 where three curves are presented: that of 
mass (TG), its derivative (dTG) and heat flow (HF). Curve TG presents several losses of mass according to 
the temperature. For temperatures going of 25 with 200°C, one observes a first loss from approximately 
7%, which corresponds at the water. 
 
         Figure 2. TG Bentonite with a strong phenol concentration (100 mg/L) 
Analysis by X-ray fluorescence using the physical property of the material has enabled us to determine the 
concentrations of pure elements (Table 3). 
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       Table.3. Composition of the sample of bentonite 
    
Raw bentonite, thanks to its cation exchange capacity (75.8 meq/100 g of bentonite) offers opportunities 
for retention interfoliar spaces and their periphery. The bentonite used contains 14.031% of the compound 
Al2O3. 
Several isomorphic substitutions of the cations can occur, as well in the octahedral ones as in the 
tetrahedrons, can involve a continued deficit of load. Up this deficit is made by the presence of more or less 
exchangeable interfoliar cations, which obey a rule of selectivity [23, 24]. The compensating cations are 
mobilized by the exchange with cations reversible’s solutions brought into contact with the clay [20]. 
3.2. Analysis phenol solution 
The residuals obtained from the absorbance (UV) for a wavelength Ȝ max = 270 nm. Figure 5 shows the 
whole UV spectra for a solution of 20 mg / L phenol. 
The results obtained are summarized in Tables 5, 6 and illustrated in Figures 3, 4, 5, 6 and 7. 

                        Figure 3. Yield of elimination of phenol    according to the bentonite concentration  
Figure 5 shows the retention the phenol of in concentration function of bentonite. The optimum is to a 
concentration of 30 mg / L. (%) 
Elements Expression 
compound
Concentration
%
Method of 
counting
Na Na2O 2.796 Calculated 
Mg MgO 2.913 Calculated 
Al Al2O3 14.031 Calculated 
Si SiO2 69.665 Calculated 
P P2O5 0.082 Calculated 
S SO3 0.491 Calculated 
K K2O 2.407 Calculated 
Ca CaO 4.098 Calculated 
Ti TiO2 0.350 Calculated 
Mn MnO2 0.168 Calculated 
Fe Fe2O3 2.879 Calculated 
Rb Rb2O 0.009 Calculated 
Sr SrO 0.041 Calculated 
Cl Cl 0.069 Calculated 
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Table 4.  Determination of the concentrations of balance of phenol for mass various bentonite 
Co 
(mg/L) 
Mass bentonite 
(mg/L) 
Equilibrium concentration 
Ce (mg/L) 
Yield
% 
5 0 5,00 0 
5 5 3,98 20,40 
5 10 3,40 32,00 
5 15 2,78 44,40 
5 20 2,28 54,40 
5 20 1,80 64,00 
5 40 1,80 64,00 
 
3.2.1. Adsorption isotherms of phenol 
Among the models that describe the adsorption isotherms, the model of Langmuir and Freundlich are most 
often used. The equilibrium is described by curves at room temperature, expressing the amount of solute 
adsorbed per unit weight of adsorbent according to the concentration of the solute in the equilibrium state  
It is a law in the form  )(cef
m
x   
x (mg/L) : expresses the amount of solute adsorbed 
m: mass of the adsorbent (mg / L) 
Ce: solute concentration in the equilibrium state (mg / L) 
The results described in Table 4 to determine the equations adsorption isotherms (Figures 6 and 7) and the 
parameters related to the law of Freundlich (n and k) and that of Langmuir (b and qm). 
                        
 Figure 4. Yield according to time                         Figure 5.  Adsorption–diffusion on distilled water
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  Table 5. Determination of the isotherms of Freundlich and Langmuir 

3.2.2. Equation of Freundlich 
The Freundlich equation is of the form: 
 
 
The linearization of this expression in logarithmic form gives the following function. 
Log (x/m)=1/n.logCe +logK 
K and n are equilibrium constants 
For our test: 
Y=0,7352x +1,8468                                                                                                            
Therefore logK =1,8468   ĺ K =70,27 
         1/n=0,7352    ĺ   n=1,36 
         R2=0,95 
3.2.3. Equation of langmuir 
bCe
bCeqmX
m
xq

  
1
m
x
 : quantity of adsorbed in equilibrium 
Qm = maximal capacity of adsorption 
b = Constant bound to the energy of adsorption 
nKCe
m
x 1 
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Ce: concentration in the equilibrium (mg / l) of the organic compound 
After passage in the opposite of the function, the linear shape is the following one: 
)1(111
Ceqmbqmq
  
The figure 7 shows the variation
mx
1
 according to 
Ce
1
 
Y= 0,0134 x +0,0018                                                                                                                  
R2=0,96 
mx
1
 = 0,0134    thus
m
x
 = 74,62 mg/g 
b=7,44 
The calculation of watch that the bentonite adsorbed 74,62 mg of phenol substances by gram of bentonite. 
The results show that isotherms obtained follow better the law of Langmuir (R2 = 0,96). 
 
                                                                 Figure  6. Freundlich isotherm                                                       
 Figure 7. Langmuir isotherm 
  Table 6. Variation yield of elimination of phenol according to time 
y=0,7352x+1,8438
R²=0,95
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The figure 4 shows two stages distinct from kinetics of adsorption of phenols according to time:
The first stage shows a quick increase of the outputs of elimination during the first two hours of contact, 
which can be explained by the fixing of phenol in the surface of the adsorbed and corresponds to the 
transfer of external mass which, is quick. 
The second stage shows a slow increase of the output of elimination until the time of equilibrium 
characterizing a transfer of internal mass of the adsorbed which corresponds in general to a phenomenon of 
broadcasting in the internal porosity of the adsorbed. 
Some hours of contact with the adsorbent are enough for trapping efficiently phenol by adsorption. In 
effect, the speed of adsorption is a first-rate kinetics, function of the surface of particles but conversely 
proportional to the diameter of these. The right acquired on the figure 5, according to the square root of 
time, explains broadcasting definitely (coefficient of correlation R2 = 0,98). 
Other works, [25] used a local loam (bentonite) and a sludge of dam in the adsorption of phenols. Results 
confirm the capacities of the bentonite definitely to keep more phenol in comparison with the sludge of 
dam and its capacity of adsorption has a value of 32,23mg. 
BANAT and al [26] think that the rate of retention depends on initial concentration and on mass of used 
bentonite and that the time of equilibrium for the adsorption of phenol about 6 hours. The group of AL-
ASHEH and [27] examined the possibilities of using a bentonite for the retention of phenols and brings 
following comments: the increase of the mass of the adsorbent reduces the residual quantities of phenol in 
final resolution. 
YOUNG YU and al [28] also showed that the adsorption of compounds phenol by a montmorillonite 
augments with initial concentration in phenol. Tries of adsorption performed in laboratory by Nayak and al 
[29] concerned the retention of phenol on a natural loam and of changed loam. Results confirm the 
possibility of ameliorating the capacity of adsorption of loam by specific treatments. BOUFATIT and al  
[16] studied organic compounds adsorption by Algerian clay rich in montmorillonite. According to 
acquired results, chloric phenols resulting from the deterioration of aromatic compounds (pesticides), are 
easily adsorbed on this clay. 
According to AL-ASHEH and al [27], activated carbons have a high adsorption capacity for phenol 
compounds with respect to the bentonite. However, because of its relatively high cost, adsorbents natural 
remain a solution to remove contaminants from wastewater. 
Experimental tests have shown the potential of bentonite gross M'Zila in the adsorption of phenol 
pollutants. The study of adsorption isotherms were used to evaluate the adsorption characteristics of the 
bentonite. 
The results of tests conducted in the laboratory showed the elimination of 64% concentration (5 mg / L) of 
phenol and bentonite could adsorb 74.6 mg / L phenol per gram and may be beneficial in the elimination of 
organic compounds in water. 
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 However, the optimal conditions for its use remain to be determined. The analysis of the isotherms to 
determine if purification by adsorption can be performed or not depending on the initial rate of phenol in 
water and an estimate of the mass of adsorbent to significantly reduce the concentrations of pollutants. 
Conclusion  
The purpose of this work is to study, experimentally, the potential of the raw (gross) bentonite of M' Zila in 
the adsorption of phenol pollutants. The study of the isotherms of adsorption allowed us to estimate the 
characteristics of adsorption of this bentonite. 
The results (profits) of the tries (essays) led in laboratory show the 64 % elimination of the concentrations 
(5 mg / L) of phenol and the bentonite can absorb 74,6mg / L of phenol substances by gram and could be 
interesting in the elimination of the presence of phenols resulting from tanneries or from other industrial 
rejections (discharges). 
However, the optimum conditions for its use remain to be determined. The analysis of the isotherms allows 
determines if an adsorptive purification can be carried out or not depending on the rate initial of phenol in 
water and an estimate of the mass of adsorbent to significantly reduce the concentrations of pollutants. 
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